Objectives: To design a Web-based system to track adverse and near-miss events, to establish an automated method to identify patterns of events, and to assess the adverse event reporting behavior of physicians.
tomated pattern recognition system helped identify 4 event patterns from M&M reports and 3 patterns from anonymous/near-miss reporting. After multidisciplinary meetings and expert reviews, the patterns were addressed with educational initiatives, correction of systems issues, and/or intensive quality monitoring. Only 25% of complications and 42% of inpatient deaths were reported. A total of 75.2% of adverse events resulting in permanent disability or death were attributed to the nature of the disease. Interventions to improve reporting were largely unsuccessful.
Conclusions:
We have developed a user-friendly Webbased system to track complications and identify patterns of adverse events. Underreporting of adverse events and attributing the complication to the nature of the disease represent a problem in reporting culture among surgeons at our institution. Similar systems should be used by surgery departments, particularly those affiliated with teaching hospitals, to identify quality improvement opportunities.
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T HE WEEKLY SURGICAL MORb i d i t y a n d M o r t a l i t y (M&M) conference has long been recognized as a critical component of surgical education and quality improvement. 1, 2 Individual cases are typically presented by a resident, and a discussion ensues addressing the issues in that single case. Recent efforts have attempted to make the discussion more evidence-based and less blame-oriented. 1, 3 However, the focus has remained on individual cases, residents, and physicians rather than on the system and overall quality of patient care.
Although complications and mortalities are evaluated at the M&M conference, near-misses, events that have the potential to result in an adverse patient outcome, are rarely discussed. 4 Moreover, identification and discussion of these near-misses has been described as a free lesson, as they can help identify system issues to prevent similar events from resulting in actual adverse patient outcomes in the future. 5, 6 Adverse events are discussed at the M&M conference in isolation without consideration of similar complications that occurred in the past. Therefore, a mechanism to track these complications and to identify patterns of adverse events may improve patient safety. Our objectives were (1) to develop a user-friendly Web-based system to capture adverse and near-miss events, (2) to identify patterns of adverse events and automate the pattern recognition process, and (3) to examine the reporting culture at a large metropolitan tertiary care center.
METHODS
Prior to August 1, 2005 , it was required that all cases, complications, and morbidities within the Department of Surgery be reported weekly to the M&M moderator. These reports were unstructured and typically submitted via e-mail or in a handwritten format with little detail. The M&M moderator would then review the cases and select approximately 4 complications and/or mortalities each week to be presented by a resident at the conference.
With assistance from the Department of Surgery's Information Systems staff, a Web-based reporting interface, the Northwestern Online Surgical Quality Improvement (NOSQI) system, was created with the primary goals of keeping the system secure and user friendly. Three modules were developed to collect data for (1) the M&M conference, (2) anonymous/nearmiss reporting, and (3) the Surgery Quality Management (QM) Committee's case reviews.
M&M MODULE
The M&M module allows residents to enter the mandatory weekly reports that are used for the M&M conference (Figure 1 ). All cases, irrespective of whether they are associated with a complication or death, must be reported. Definitions of what constitutes a complication and exactly what should be reported to the NOSQI system were standardized. All complications (within 30 days of surgery or at any time if related to the surgery), morbidities in nonoperative patients, deaths, readmissions, unanticipated reoperations, or transfers to the intensive care unit must be reported. The surgical services that are required to be reported to the NOSQI system are general surgery (general surgery, trauma, gastrointestinal surgery, endocrine surgery, surgical oncology), vascular surgery, transplant, and thoracic surgery.
Through review of previous complications and deaths and the adverse event definitions set forth in American College of Surgeons National Surgical Quality Improvement Project (ACS-NSQIP), procedures and complications were categorized to allow the database to be efficiently queried (detailed categorization available from authors). For the first 4 months of the system's operation, the weekly reports were reviewed to assess whether the categorization scheme was sufficient.
Up to 2 complications can be entered per patient. In addition, error class (error in diagnosis, error in judgment, error in technique, systems error, nature of disease) and error grade (based on whether the complication is life threatening, requires invasive treatment, and/or results in permanent disability or death) must be assigned for each complication. A free text description of the event is also required. Although more fields could be collected, our goal was to keep the process simple and limited to one page of data entry per patient.
NEAR-MISS MODULE
The Anonymous/Near-Miss module was designed to allow reporting of adverse events or near-misses without any associated accountability or fear of blame and/or punishment. A common password was provided to the Department of Surgery to maximize reporting anonymity for this module. The reporter can include more information if they choose, but to protect the reporter's anonymity, we elected to require only the minimal amount of information to potentially act on a report. Data entered into this module were reviewed quarterly.
The third module was designed after the first 2 modules had been operational for 1 year. The Surgery QM module allows all cases reviewed by the Department of Surgery's QM Committee to be entered into the system. These cases are selected according to various criteria by the surgical QM nurse or are recommended for Surgery QM Committee review by other departments in the hospital.
ADMINISTRATOR MODULE
An administrator interface was also designed that allows the database to be queried and generates numerous standardized reports. The data from the NOSQI system were incorporated into the weekly M&M conference. The M&M moderator, when selecting cases for the week, can also require that residents include data from the NOSQI system in their presentation.
SYSTEM INTRODUCTION AND INTERVENTIONS
The NOSQI system was introduced to the department in July 2005 at the weekly M&M conference where residents and attending physicians were taught how to use the system and were instructed as to what should be reported. The standardized definitions of complications and near-misses were introduced. The effect on reporting was compared before and after each intervention.
ADVERSE EVENT PATTERN RECOGNITION
The highly categorized classification of complications was designed to facilitate queries and to allow automated notification of adverse event patterns. As each complication is entered, the NOSQI system checks that complication against all of the complications previously entered into the database. If a match is identified, an automated e-mail is sent to the system administrator with a description of the complication, the number of previous complications, and descriptions of the previous cases to facilitate an expeditious analysis. In addition, if a question came up at the weekly M&M conference about the frequency of a specific complication or whether the event has occurred previously, the database was queried to assess the issue.
Once an adverse event pattern was identified, multiple mechanisms were used to address the issue including discussion at the M&M conference and involvement of the hospital's QM department. Interdisciplinary groups and expert panels were convened as needed to discuss the adverse event patterns. 
STATISTICAL ANALYSIS
All patients reported to the NOSQI system from September 1, 2005, to August 31, 2007, were identified. Data on readmission and mortality rates were obtained from the hospital's QM system, a database used to track quality issues within the hospital. The hospital also offers the Northwestern Event Tracking System (NETS) to all departments and hospital employees as an anonymous nearmiss and adverse event reporting mechanism. The complications reported to the NOSQI system were compared with those reported to NETS. Next, NOSQI system results were compared with M&M data from ACS-NSQIP. The ACS-NSQIP assesses 30-day risk-adjusted postoperative complications and mortality based on data abstracted from patient medical records by a formally trained nurse and compares these outcomes with the other approximately 150 participating hospitals. 7, 8 Categorical variables were compared using the 2 test. The Bonferroni correction was used for multiple comparisons. Reporting over time was compared using the 2 test for trend. All analyses were performed using SPSS, version 15 (SPSS Inc, Chicago, Illinois). The Northwestern University institutional review board approved this study.
RESULTS

ADVERSE EVENTS REPORTED
From August 1, 2005, to August 31, 2007, 15 524 cases were entered into the NOSQI system; 15 428 (99.4%) were in the M&M module, 34 (0.2%) in the Anonymous/NearMiss module, and 62 (0.4%) in the Surgery QM Committee module. Of the events reported to the M&M module, 957 (6.2%) patients had an adverse event, 264 (1.7%) patients were readmitted, and 218 (1.4%) patients required an unplanned return to the operating room ( Table 1) . Of the 15 428 cases reported to the M&M module, there were 89 (0.6%) deaths.
Of the 957 complications, 57.7% were gastrointestinal, hematologic, or infectious in etiology (Table 1) . Hematomas were the most commonly reported complication followed by wound infections of abdominal incisions, abscesses, and surgical hemorrhage. The primary error class was reported as the nature of the disease in 475 (49.6%) patients, error in technique in 360 (37.6%) patients, error in judgment in 71 (7.4%) patients, error in diagnosis in 36 (3.8%) patients, and systems error in 15 (1.6%) patients (Table 1) . Of those with a reported complication, 489 (51.1%) patients required invasive treatment (Table 1) . Complications were most frequently categorized as the nature of the disease for cardiac, gastrointestinal, genitourinary, infectious, neurologic, and pulmonary adverse event categories ( Table 2) . Complications were classified most frequently as error in technique for anesthesia, biliary, hematologic, and vascular adverse event categories. Adverse events most frequently required invasive treatment except for cardiac, endocrine, genitourinary, and neurologic complications. Nature of the disease was also reported as the most frequent error class irrespective of error grade ( Table 3) . Of the complications that were reported to result in permanent disability or death, 66.7% and 76.4% were attributed to the nature of the disease by the reporting physicians.
PATTERNS OF ADVERSE EVENTS
Four adverse event patterns were identified from the M&M module, and 3 adverse event patterns were identified from the Anonymous/Near-Miss module ( Table 4) . The automated notification helped identify patterns of breast hematomas, chest tube placement complications, and complications in surgical patients in nonsurgical intensive care units. One pattern was identified manually after discussion of a case in the M&M conference regarding a laparotomy with negative findings based on an incorrect computed tomography scan read at night by a radiology senior resident (reread the next morning as normal by the attending radiologist). The NOSQI system was queried to identify whether this had been an issue previously. Three prior reports were identified discussing similar events, and one case was reported 3 weeks later. The 3 adverse event patterns identified from reports to the Anonymous/Near-Miss module concerned nursing assistant-to-nurse and nurse-to-physician communication and a series of complications involving nasogastric tubes. 
EVALUATION OF REPORTING BEHAVIORS
From August 2005 through August 2007, the reporting of complications (proportion of complications to all cases) varied considerably, from 2.0% to 11.0% (Figure 2) . When the online system was initiated, there was no appreciable difference in the monthly adverse event reporting rate. The effect of several interventions was investigated. The most appreciable increases in reporting came when the department chairman discussed the importance of complication reporting and what constitutes a reportable event (from 3. In January 2007, all residents and attending physicians began receiving a weekly reminder to report complications and nearmiss events; however, this did not have an appreciable effect on the reporting rate.
In comparison with the denominator of events from the hospital's administrative quality database, only 27.2% (264 of 970) of readmissions and 41.6% (89 of 214) of inpatient deaths were reported to the NOSQI system ( Table 5) . Only 5.2% of adverse events submitted to the NOSQI system were also entered in the hospitalwide event tracking system, NETS. When compared with ACS-NSQIP, the NOSQI system (for general and vascular surgery only) demonstrated significantly lower morbidity rates (16% vs 4.5%) but similar mortality rates (0.5% vs 0.4%). Compared with the hospital's discharge data for all surgical services, the mortality rate reported to the NOSQI system was considerably lower (1.4% vs 0.6%).
COMMENT
Traditionally, adverse events at the M&M conference have been anecdotal, discussed in isolation without consideration of prior similar events, and not focused on systems issues. In their 1999 report titled To Err is Human, 9 the Institute of Medicine strongly recommended expanding voluntary reporting of adverse events and medical errors. If adverse event patterns can be identified, then action can be taken preemptively to prevent the repetition of similar events. We developed an online Web-based system to capture and analyze adverse and near-miss event data.
SYSTEM DEVELOPMENT
Although our hospital had a readily accessible online system by which to report near-miss and adverse events, there were several problems with the hospital's event tracking system, as have been reported by others, such as a lengthy and time-consuming report form and a lack of a surgeryspecific classification system to facilitate queries. 10 Importantly, only 5% of complications reported to the M&M conference were also reported to NETS; thus many events would be missed with the hospital's system alone. 
PATTERN RECOGNITION
Beyond creating an adverse event data repository, we were interested in identifying patterns of adverse events that otherwise might have gone unnoticed. We attempted to automate the process to reduce the work involved in identifying patterns. In our opinion, adverse event pattern recognition is the primary purpose and the most powerful aspect of the NOSQI system. The automated process identified 4 adverse event patterns, and we were also able to investigate possible patterns when prompted by a particular case discussed at the M&M conference.
REPORTING BEHAVIOR
Prior studies based on intensive chart reviews and prospective expert evaluation have shown that the adverse event rate in surgical patients ranges from 30% to 42%. 11, 12 Our own ACS-NSQIP data shows that our complication rate is at least 16% for general and vascular surgery. Of the cases entered in the M&M module, only 6.2% were reported to have a complication. Multiple studies have demonstrated that 65% to 91% of adverse events fail to be reported to the M&M conference. [13] [14] [15] [16] Based on reports to their M&M system, Hutter et al 15 noted a similar adverse event rate of 6.4% at the Massachusetts General Hospital. They compared their M&M and ACS-NSQIP data and estimated that only 25% of complications and 50% of deaths were reported to the M&M conference. We also found that a considerable number of morbidities and even mortalities were not reported to the NOSQI system. Though not surprising, this underreporting was disappointing. During the study period, interventions aimed at increasing reporting had little effect. The only intervention to have even a short-term effect was the presentation from the department chair; however, the initial spike in complications reporting was short lived. It is important to note that the physician-reported complication rates underestimate the actual complication rates owing to this severe underreporting.
Also disappointing was the infrequent use of the nearmiss reporting module. Despite offering reporting anonymity, only 34 cases in 2 years were reported to the Anonymous/ Near-Miss module. Interestingly, this small number of cases led to the identification of 3 adverse event patterns. Thus, when the Near-Miss/Anonymous module was used, it was a high-yield opportunity to identify event patterns and institute quality improvement initiatives. At the University of Louisville, one near-miss event is discussed at their weekly conference. 4 Incorporating a discussion of near-misses into the M&M conference may encourage residents and attending physicians to report such events.
Multiple reasons have been suggested regarding why physicians do not report their complications, including time constraints and concerns of punishment, litigation, and diminished reputation in the opinion of their peers. 6, 17, 18 Wu et al 19 found that 54% of residents failed to inform their attending physicians when they made a serious error. In addition, the culture associated with the M&M conference may lead to underreporting and prevent identification of adverse event patterns. The reporting resident is put in the spotlight and questioned regarding the details of the case. Complications, near-misses, and even mortalities may not be reported because of the "blame and shame" mentality. 1 In addition, physicians may not report adverse events because of time pressures. 6 Another aspect of reporting behavior that was examined involved how residents classified the complication. "Nature of disease" was listed as the error class in 75.2% of adverse events resulting in permanent disability or death. Studies have demonstrated that only 26% to 46% of adverse events are not preventable 12, [20] [21] [22] ; thus assignment of the nature of the disease is likely too frequent and may reflect attitudes that attempt to deflect the blame for complications. Moreover, only 1.6% of cases were listed as a systems error. Additional resident education is clearly needed to shift the focus of adverse event causes from individuals to the overall system of care and away from placing the responsibility on the patient's illness. 5, 23 In a culture that is attempting to move toward transparency and more systems-oriented quality improvement initiatives, honest and open reporting is critical to improve patient safety. 5, 6, [23] [24] [25] Further investigation is needed to improve the reporting culture among surgical residents.
IMPROVING THE M&M CONFERENCE
Although the M&M conference at our institution makes a significant effort to discuss complications in the context of prior studies, 3 cases were still discussed in isolation without consideration of similar past events. Recently, we have incorporated the data from the NOSQI system and from ACS-NSQIP into the weekly M&M conference. 7, 8 For example, if a resident is presenting a postoperative wound infection, data from the NOSQI system, the Surgical Care Improvement Project, the University Health Consortium, and/or ACS-NSQIP can be presented to offer the audience an idea of how frequently these events happen and how our hospital compares with others across the country. These data, in conjunction with the case being presented, provide powerful quality assessment and improvement opportunities on a weekly basis.
CONCLUSIONS
An electronic physician-reported event tracking system should be incorporated into all surgery departments irrespective of whether the department is associated with a residency program; however, this is just one component of what should be a larger quality improvement effort. As the public and regulatory agencies are increasingly demanding evidence of oversight, having and using such a system may be mandated to demonstrate evidence of quality improvement activities. The NOSQI system is a valuable resource, as it serves to enhance the weekly M&M conference by identifying systems issues and areas for health care provider education. An online event tracking system is a feasible, promising, and potentially powerful initiative to improve surgical safety in the United States. a Only general surgery and vascular surgery are included as the NSQIP sample; this does not include any other specialties. The NSQIP is based on an approximately 15% sample of all general and vascular surgery cases at our hospital. The ACS-NSQIP captures a variety of complications that are common across many operations, but they do not currently capture surgery-specific complications (ie, anastomotic leak).
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b Includes all surgical specialties that report to the morbidity and mortality conference.
